Abstract. In this paper, according to the demand of system, it puts forward the platform frame structure for the general multi-rotor aircraft controller hardware, In this research, the concept of having modular design is adopted, the layout design of multi-rotor controller circuit board is discussed, and the wiring design of the flight control computer circuit board is also discussed. And the related problems, such as the anti-interference of hardware system and stability of processing and so on are also in consideration. In order to improve the overall reliability of UAV ( Unmanned Aerial Vehicle ) system, a thorough study is carried out. The experiment results showed that the UAV with the hardware system can have reasonable layout and wiring. And the well designed interface of aircraft control circuit board can protect the circuit, which can improve the reliability, stability and anti-interference performance of the aircraft control circuit board.
Introduction
In recent years, UAV has become the focus field of research and development both at home and abroad. Including multi-rotor UAV, fixed wing UAV, small UAV, flapping wing UAV and other kind of aircraft, compared with manned aircraft, UAV can have unparalleled advantages over it. Because there are many flight control system sensor chips, with a lot if input and output channels, besides the interface circuit is rich, in order to meet the requirements, the airborne flight control is designed in small size with light weight. Moreover, in this paper, when the circuit board is designed, the four layer circuit board structure is also designed, each module of the system should be reasonable layout with reasonable wiring at the same time, so as to improve the reliability of the system. PCB design of multi-rotor aircraft controller mainly includes two aspects, namely, layout and wiring, which will be described in the following [1] .
Layout Design of Circuit Board of Multi-rotor Aircraft Controller
The design of circuit board of multi-rotor aircraft controller is related to many aspects, such as the integrity, performance stability, manufacturability, testability, ease of use and so on. Therefore, layout is very important for the design of circuit board of multi-rotor aircraft controller. Layout can be regarded as the sufficient condition for good wiring. The layout of board of multi-rotor aircraft controller can include three aspects: the use of interface layout, the layout of the major functional modules and the layout of chips within the module [2] . Reasonable layout of the control board of aircraft is very important, the stability of principle circuit should be further ensured by PCB layout, while the negligence on the layout may cause the abnormal operation of some chips, sensitive devices that can not work properly, which can bring out a series of subtle problems.
According to the basic layout principle of the general PCB design as well as the design requirement of PCB layout of multi-rotor aircraft controller, the layout of the circuit board in this paper should follow the following rules:
(1) The arrangement of the higher frequency components between the communication crystal oscillator should be nearly arranged so as to avoid the long line. Such as the main controller and active crystal oscillator should be arranged as close as possible in the layout, while the communication control chip and active crystal oscillator should be arranged as close as possible in the layout, so as to avoid the introduction of external interference.
(2) The micro-controller should be placed in the central position of the circuit board, the principle interference will be larger, heating the usual plug and other modules.
(3) The input and output interfaces of the system are distributed on both sides of the circuit board to prevent the interference between the input and output signals, so as to reduce the influence of the devices on the connection. Similarly, the signal input and output components should be separated as far as possible. Such as the acquisition of arrangement signal and PCB of the drive control module.
(4) USB input interface and communication module should be arranged as close as possible, while the line should be shortened, so as to reduce the impact of external interference signal, USB interface and communication module should be placed on the same plate layer, so as to avoid holes, holes will reduce the effect of differential mode transmission so that it can cause the noise of common mode [3] .
(5) The I/O drive part of the system can be arranged close to the connector, so as to avoid the long distance running of the I/O signal on the board, such as PWM drive interface, while the AD conversion interface should be close to the driver chip, so that the distance of PWM output and simulation input signal can be as short as possible, so as to reduce the coupling of the unnecessary interference signals.
The Overall Layout is Shown in Fig.1 . In order to facilitate the use and convenient test, each connector of multi-rotor aircraft controller on PCB should be dispersed in the periphery of PCB, which should leave enough space to ensure the process of installation and usage can not affect each other.
Wiring Design of Aircraft Control Computer Circuit Board
Wiring is one of the important steps of the aircraft control circuit board, wiring optimization can influence signal quality in a certain extent, especially the synchronous transmission problem of high frequency signal, which can have significant impact on the overall performance of the system. The PCB wiring of this design mainly adopts the following principles and measures:
(1) Adopting four layers circuit board design, the adjacent two wiring layers are designed vertically with each other, so as to reduce the parasitic coupling between boards.
(2) In the micro controller, communication module and USB interface circuit and other relatively high speed circuit [4] , wires should adopt straight line as far as possible, when the line must adopt turning, it must adopt 135 degree turning, so as to reduce emission and coupling of the high frequency signal that is generated in the line, which can be shown in Fig. 2 . Fig.2 Connect USB interface and external data memory (3) In PCB layout design of the main controller, putting particular attention to the connecting line between the micro controller and the external memory expansion, the length of data line and the address line should be consistent, so that the signal delay in each data line can be the same as the address line, so as to ensure the accuracy of data transmission.
(4) The distance between adjacent pads should meet the electrical safety requirements. The width of the wire can be decided according to the size of the current and the manufacturing process. Pad spacing as well as line width should depend on its minimum load current value.
(5) In order to improve the stability of the circuit board and avoid the occasional voltage peak that can be caused by the local area of the circuit board burned [5] , holes, pads, wiring spacing should be relaxed as far as possible.
In the design of the ground wire of the circuit board, it is designed to form a closed loop, and the four area of the copper wire should not be left, so as to improve the anti-interference ability of the circuit.
Hardware System Anti-jamming, Stability Processing
According to the design requirements of system, as well as the environmental requirement of small size, light weight, in this paper, in the aspects of circuit design, component selection and other aspects, they can adopt certain security measures.
(1) The electronic governor and the aircraft controller of multi-rotor should be supplied electricity separately, which can adopt stabilizing power supply module with isolation effect module, so as to reduce the interference to the aircraft control circuit during the operation of the external motor.
(2) Self recovery fuse can be used in USB interface, power supply entrance, communication interface, adopting the steady voltage regulator, zener diode, varistor protection components can prevent the damage to the circuit board caused by the reversal connection of power source, surge, as well as the static electricity.
(3) Important line interface can adopt the inverse interpolation processing. Such as GPS interface, external serial port, I2C interface, telemetry data transmission interface and so on, so as to avoid the use of negligence caused by the destruction of the aircraft control board, which can improve the reliability of the system.
(4) In the aspect of installation and usage, we should pay attention to the use of the machine box with electromagnetic shielding effect, as well as the gasket with damping function. As far as possible to reduce the impact of large current and structural vibration during the process of flight.
In particular, during the flying period of the electric multi-rotor, the motor will carry on high-speed rotor which will consume large current, the magnetic field generated by high current will seriously affect the acquisition of electronic magnetic compass for three axis geomagnetic intensity, therefore, it will cause greater error. In this paper, the external magnetic compass is adopted to separate the electronic magnetic compass circuit, which is connected by I2C. When it is used, the magnetic compass module is supported on the position of the rotor arm far from the multi rotor arm, which will reduce the influence of the motor current on the magnetic compass [6] .
Around the gyroscope and accelerometer MPU6000, it is better not to have components such as keys that will produce mechanical vibration and stress, within the blank area around 6mm; welded to the PCB plate, it is better to be placed for formation as far as possible, because there is an angle difference between the direction of sensor and the direction of PCB plate, when PCB is rotating around the shaft, it will produce motion that is induced in the other two axial direction; as for welding to the peak re-flow, the temperature of PCB should not be more than 260℃, while is thickness should be less than 1.6 mm of the lead-free welding.
As for the above parts, if the welding environment is too high and the welding temperature is too high, it will lead to the failure of the chip or the large error of the chip output data, which will cause control error and loss.
Conclusion
It is an inevitable trend for the development of era that multi-rotor aircraft will develop from scientific research to application. With the rapid development of microelectronics and micro mechanical manufacturing technology, the application of multi-rotor aircraft will come soon. The task of this paper is to design a multi-rotor aircraft control system based on the requirement of actual application, which should have the features of small size, light weight, high versatility and high performance with less cost. According to the practical needs, it can have reasonable layout and wiring, moreover the well designed interface of aircraft control circuit board can protect the circuit, Research, volume 122 which can improve the reliability, stability and anti-interference performance of the aircraft control circuit board.
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